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| Tue heat of the Dein ig 
in hank is generally about ninety fix degrees 
of F arenheit’s thermometer, Yet. fo ad- 
mirably is the economy of man adapted to the 
variations of heat, as not to be materially af- 
fefted by it, excepting in its extremes. 


MAN can dwell in all Pesta free of ee 
ger, from. ‘the intenfe cold of Siberia and 
Spitbergen, where mercury congeals fponta- 
neoufly in the thermometer, to the per- 
pendicular rays of Amazonia. Nay more, : 
Do@or Fordyce ‘has by experiment prove 
‘ed, that man can exift in’ a room, walled 
with bricks and gradually heated to the degree } 
of boiling waten z.¢. two hundred and twelve i 
degrees; f 


: 
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degrees ; and all thefe variations of place and 
temperature ; a difference of three hundred 
and thirty two degreés, ‘or more, without de- 
ftroying life, producing difeafe, or altering the | 
temperature of the common mafs of fluids, ~ 
but a few degrees, from the ftandard ninety 
fix. | eG 


Ir is furprifing wherein confifts the caufe of 
this equilibrium of animal heat, whether the 
{ubje& be expofed to the freezing blafts of the 
pole or fcorching beams of the equinoétial | 
fun. | | 


AnimaAus therefore have a power of gen« 
erating heat, when placed under the poles; 
and a {till more furprifing power of re- 
fifting the introdu€tion of heat or generating 
cold, when ina heated room. | 


In the firft inftance the fluids are guarded 
from congelation, and in the fecond prevented 
from pafling into elaftic gafes; both of which 
principles are wanting in the vegetable king- 
dom. 


Wuat 


a ee 


- Wuat havoc heat and froft make in the 
hufbandman’s plantations! where a few hours 
midday fun or midnight froft, lays wafte many 
months of labour; mars the beauty of the 
fields, and difappoints the, expe&ting hufband- 
man, 


Or all the phenomena of the animal e- 
conomy, none is more ftriking, none more 
worthy the attention. of philofophers, than 
thofe, which accompany the funétion of ref-_ 
piration. Little as we are acquainted with 
the objeé&t of this fingular operation, we 
are fatisfied that it is effential to life, and 
that it cannot be fufpended for any length 
of time, without expofing the animal to im- 
mediate death or imminent danger. It is 
univerfally known that air is the agent or rath- 
er the fubjeét of refpiration. But at the fame 
time there are fome kinds of air, which will 
not fupport life, in the higher order of ani= 
mals. 


T Here have been almoft as many theories, 


as writers, on animal heat. It is perhaps needs 
| lefs 
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lefs and unfeafonable for me to enter into an 
inveftigation of them. Some have fuppofed 
it to be generated by the tendency of the fluids 
and folids to putrefaGtion ; others attributed 
it to the attrition of the blood in. circula- 
tion. | | 


We will obferve the different proceffes, by 
which heat is knownto be generated. _Fhefe 
may be confined to two ; which are, firft, Come 
bination and Decompofition ; fecond, Friétion. 


We will take a curfory view of thefe, and ~ 
fee which beft agrees with the phenomena of 
animal heat, 


First, of 


COMBINATION anv DECOMPOSI- 
TION. i 


THE theory of combuftion is now ex- 
plained on the abforption of the vital princi- 
ple from the air; and fetting at liberty the a- 
zotic and carbonic principles, which arife in 
{moke, ) 


THAT 
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Twat the air is decompofed and robbed of 
fome of its conftituent parts,which it pofleffed 
previous to its expofureto the burning body, 
and is combined with fome other matter, which 
did not before appear in it, is evident from 
comparing atmofpheric air, previous to combul- 
tion, with the fame afterwards ; the former, of 
its common purity, M. d’ Lavoifier found, by 
experiments, to confift of ,27 of oxygen, ,73 of 
‘azote, and ,o1 of carbonic acid ;* the Jaffer con- 
-fifts of little or no oxygen at all, a {mall fhare 
of azote, but perhaps one half is carbonic ac- 

id. | | 
Tue union of concentrated acids with wa- 
ter, quick lime, pure alkalis, or metals, 1s pro- 
dutive of a firong heat; but the combina- 
tion of the nitric acid with certain oily fub- 
ftances is fo powerful this way as to caufe in- 
flammation. 
‘ania } Se ‘nica lair 


® Thefe names were firft introduced by the French, 
in their new Nomenclature, inftead of the old terms, vi- 
tal, impure, and fixed air. 
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Lir us compare thefe phenomena with 
thofe of animal heat, and notice the agree 
ment between them. It will be firft afked 
where are, and of what confift, the combina- 
_ tion and decompofition ? Will it be thought 
fufficient if 1 fay, tn the lungs, during refpira- 
tion, a partof the air iscombined with the 
blood, and éhat in its turn fends off carbone* 
with the air expired. 


Tuts procefs appears fimilar to combuftion, 
the {moke of which is exa@ly fimilar to our 
breath expired ; the prefence of oxygen is nec-_ 
effary to the fupport of the one as well as the 
other, during both of which the calorict of the 
oxygen is feparated from the air; their refi- 
dues are totally unfit to fupport refpiration or 
combuftion, until they are again oxygenated. 
This, not being thoroughly underflood, has 
been treated as hypothetical. 


THEREFORE 
* This is the coaly principle, the bafe of carbonic acid. 


+ Matter of heat. 
{ Cullen’a Phyfiology. 
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THEREFORE, having found it impoflible to 


account for it on thefe principles refort was 
had to 


FoR? CorirO nN; 
WHICH we find was the favourite theory 


' of moft of the antients, as it has been that of 
the moderns. This theory was powerfully 
{fupported by the celebrated Cullen, who faith 
that the caufe of animal heat is “the motion 
ef the blood.” 


Since rriction has been generally at- 
tributed as the generating caufe of animal heat, 
we need not be furprifed at the many hypoth- 
efes advanced refpeéting the manner in which, 
and the parts on which, it operated to produce 
1¢, 


I am difpofed to favour and fupport a the- 
ory, which attributes the produGtion of animal 
heat to the combination and decompofition of 
air and blood, in their paflage through the 
lungs, during the at of refpiration ; by which 

the 
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the caloric in the air is difengaged from ‘its 
conftituents, and appears combined with the 
blood ; which may be deduced from this : 
the expired air having loft its caloric, which it 
poffefled before infpiration ; and the blood 
having acquired an additional quantity of 
it, to what it had previous to its entering the 
lungs. 


In fupport of this, I fhall firft notice fome 
general facts refpedting the air’s containing ca- ; 
loric. Then, that this caloric is difengaged 
from the air in its paflage through the lungs. | 

Thirdly, that a decompofition of the blood 
takes place at the fame time, F ourthly, that 
there is a combination of fome fubftance with 
the air expired. And, laftly, that a certain 
matter is combined with the arterial blood in 
the lungs. 


Tose truely ingenious philofophers, Doc- 
tors Black and Crawford, have proved, by a 
number of nice experiments, (which it would 
be difficult to give a juftidea of without en- 
_ gravings) that the caloric is contained in the 
- .exygen; 
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oxygen; and that expired air contains only one 
third part of the heat, which was contained in 
it previous to inf{piration ; it follows that the 
former muft neceffarily have given off its ex- 
cefs of abfolute heat in the lungs. 


THE comparative heat of florid arterial 
blood is, to that of venous, as eleven and an 
half to ten; the heat of that blood, which is re- 
turned from the lungs, is greater than it was 
previous to its entering them, from which it 
muft have received its fupply. | 


We may conclude from hence, that, in the 
lungs,during the procefs of refpiration, a quan 
tity of abfolute heat is feparated from the airy 
and combined with the blood, 


Dr. Crawrorp has inferred, from experi- 
ments, that, in the converfion of arterial blood 
into venous in the capillaries, the heat is difen- 
gaged from the arterial bleod,and combines with 

‘the furrounding fubftances. So thatvenous 
blood muft have, by far, lefs fpecific heat, than 
what appeared juft before in the arterial; and, if 

that, 


ee ae 
that, on its arrival inthe lungs, fhould be 
converted into arterial blood, without receiving 
any fupply of abfolute heat from the air, its 
fenfible heat would be fo diminifhed, as to fail 
from ninety fix degrees, to below the freezing 


point. 


In awarm medium, the fame animal decom- 
pofes lefs air, in a given time, than in a cold 
one, alfo lefs heat is difengaged, the difference 
of colour in the arterial and venous blood is 
lefs ; and thefe in proportion to the temperae . 
ture of the circumambient air. A cubic inch 
of air, of the temperature of two hundred and 
twelve degrees, contains, by far, lefs oxygen,than 
when of a temperature one hundred and twen- 
ty degrees below o ; and in the docompofition 
of equal quantities of air, of fo different tem- 
peratures, an amazing excefs of heat will be 
in favour of the cold air, Hence inflammatory 
difeafes zre moft prevalent in the cold feafons ; 
itis this, which, in animals, wards. off the 
deftruétive effets of cold in the polar re- 
gions. tts 


On 
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_ . Ow the other hand, the quantity of caloric 

being very trifling, that is difengaged from the 
warm air, inftead of increafing the heat of ‘the 
arterial blood, 1t does not equal the cold pro- 
duced by the converfion of venous into arteri- 
al blood; and, inftead of increafing the heat, 
it generates cold. On this, and evaporation, 
it is that man is capable of enduring an atmof- 
phere heated two hundred and twelve degrees, 
without fufpending the fun@tions of life. 


_ Tue air is decompofed in its paflage through 
the lungs, and the caloric difengaged from it. 


AtMospHERICc ait, or that which we refpire, 
is a heterogeneous fluid, compofed of oxygen, 
azote, and carbonic acid. The former main- 
tains life by refpiration, and fire by combuf- 
tion ; both the latter are totally unfit for either 
of thofe purpofes. | 


Oxycen is alfo a compound, confilting of a 
principle of folidity and caloric, fire, or the 
matter of heat. Caloric is mof abundant in 
_ @xygen ; other airs, fuch as air expired, {moke, 
KC. 


fC a5 
&c. contain but little if any at all; in any air 
that is nearly proportional to thie power of 
fupporting life, 


Aw animal, placed in a veffel containing air, 
as foon as it is nearly. all changed by refpira- 
tion, fickens, is convulfed, and dies, if not re- 
moved. This happens inftantaneoufly in car~ 
bonic acid, almoft as foonin azote, later in 
atmofpheric air, and lateft in oxygen, which 
fupports life about four times as long as atmof= . 
pheric air, and is perhaps the much celebrat-. 


ed PABULUM viT& Of the antients. 


In the third place, we have to fhow that there 
is a decompofition of the blood, in the lungs, 
during refpiration, , 


THE venous blood, when brought to the 
lungs, is of a dark modena red, which is pro- 
duced by the prefence of a large quantity of 
hydrogene or azote, and abfence of oxygen. 
To prove this the following experiments were 
inflituted, two ligatures were made on the ju- 
gular vein of a baat cat, one half of the blood 

contained | 


oe 4 


eontained between the ligatures was drawn off, 
the vein filled with hydrogene ; an hour after 
the blood, being drawn from the vein, was flu- 
id, but had acquired a colour almoft as dark as 
ink, At, and for, the fame time, an equal 
quantity of blood was intercepted between two 
_ ligatures, on the crural vein of the fame ani- 
mal, This blood, being drawn from the vein, - 
was found in fome meafure coagulated, but 
mifcible with water ; communicating, by far, iefs 
colour to it than the former. Hence it may 
be inferred ; that, when hydrogene or azote are 
in conta& with the blood, they increafe its col- 
our and diminith its tendency to coagulation, 


We will fhortly ftate how hydrogene and a- 
zote may be introduced into the circulating 


maf{s. 


Broop attra&s hydrogene and azote, which 
are feparated from animal fubfiances, by heat 
and a tendency to putrefa€tion, 


- Tus colour of the arterial blood is a light 
{carlet ; it undergoes the fame change in com- 


a 
C pleting 
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pleting a circulation, as by expofure to hydro- 
gene or azote. Therefore, we may conclude, 
that it ig united with thefe, in fome part of its 
routine, and perhaps in the capillaries, where 
they are feparated by heat and the putrefac- 
tive procefs. Thefe, united with the blood, 
account for the dark grumous colour of it in 
the vena portarum, where it has abforbed an 
unufual quantity from the femiputrefcent con- 
tents of the alimentary canal. The air, con- 
tained in the large inteftines, is mofily hydro- 
gene. . 


Tue greater the heat of the animal, and ten- 
dency to putrefaction, the more wmpure air 
will be difengaged, and the venous blood dark- _ 
ened proportionally. 


W = have now to confider the combination 
of fome fubftances with the air expired, which 
did not appear in it, when infpired ; thefe are 


fixed air and carbone. 


An expiration confifls of fixed air, hydro- 


panes {e,-Andeatbenc,. 
gene, azote, 


THE 
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_ Tue prefence of fixed air is proved by its | 
precipitating lime water, when agitated with, 
it, 


Tue quantity of carbonic acid is greatly in- 
 creafed by refpiration (where the oxygen com- 
bining with the carbone, in the proportion of 
feventy two to twenty eight, forms puve carbon. 
ic acid) inftead of being one part in an hun. 
dred, asin atmofpheric air, makes, perhaps, 


one tenth of the whole expiration. 


Fourcroy obferves, that carbonic acid is 
produced by refpiration, combuftion of coals, 
and is exhaled from plants in the fhade ; is 
inflantaneoufly fatal to animals, and extin- 


guilhes flaming tapers. 


* 


Azote arifes moftly from putrefying animal 
matters; is very noxious to animals and flames. 


Tue prefence of thefe two gafes is the caufe 
of the great fatality obfervable in tight bed 
chambers, where a pan of coals has been add- 
ed to ward off the cold, during a winter’s 
night ; in prifon and cartel fhips, hofpitals, 

jaus, 
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jails, &c. where numbers are crowded togeth- 
er, without proper ventilation. 


Tuts is evident, from the fymptoms of 
thofe, who languifh, being the fame as are ob- 
fervable, when introduced into carbonic acid, 
or azote, as mentioned above, they firft ap- 
pear ftupified, foon agitated ; refpiration be- 
comes laborious and hurried; from this, the 
fymptoms of diftrefs faft increafe, till fubfultus 
tendinum and convulfions clofe the fcene with 
death. 


TE fame caufe we give for the produdtion 
of endemic difeafes in compa& towns, during 
the hot feafons of the year, when the putre- 
fa€tive procefs feizes all inanimate animal 
{ubfiances and many vegetables, difengaging 
therefrom the noxious azote, which remains 
fiagnant for want of a current of air to dif. 
perfe it. 


eA S ‘Tuk wy 
We have to {peak of caloric, which is com- 


bined with the arterial bicod in the lungs. 
| Tuts 


i me 
Turs is feparated from the air in refpiras 
tion, and changes the colour of the venous, to a 


light {carlet, and greatly increafes the abfolute 
heat of the arterial blood. | 


To prove this, the experiment above relates 
ed may be introduced, with this difference ; 
introduce oxygen into the vein in lieu of hy- 
drogene, The blood when drawn will be of a 
moft beautiful fcarlet. Alfo,expofe a glalfs of 
venous blood to the aétion of oxygen, the fame 
effect will be produced ; or fprinkle it with a 
neutral falt, as muriate of foda, nitrate of pot- 
afh, &c. which, on decompofition, are known to 
fend forth alarge portion of oxygen, and we 
fhall fee the furface changing rapidly to a light 


{carlet. 


When two or more bodies are united by 
the attraGtion of compofition or glandular at- 
tration, their temperature fuffers a change. 
The oxygen is combined with the blood in the 
lungs by this attra€tion of compofition, and 
there climinates a part of its heat; but when 

it arrives at the capillaries, which are a@ually 


glands, 
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glands, a new attraction of compofition, with 
a glandular attraction, eliminate the remain- 
der, which was the greateft part of the caloric, 


Tue heat of the arterial blood is,to the ven- 
ous, as eleven and an half to ten ; this is fuffi- 
ciently eftablifhed by direét experiments. 


From the preceding obfervations, may be 
drawn the following inferences : animal heat, 
and heat fent forth by combuftion, depend on 
the fame caufe. Animals, who refpire little or 
no air, are always cold ; fuch are fifhes, toads, — 
lizards, infe€ts, ferpents, &c. whofe arterial 
blood is deftitute of that florid rednefs. 


RESPIRATION, 
THEREFORE, appears to be but combuf- 


tion in alefs degree, in which atmofpheric air is 

decompofed in its paflage through the lungs, 

is robbed of its vital principle, caloric of the 

oxygen, which is combined with the blood, and 

with. it diffufed through every andthe mi- 

nuteft part of the fyQem, fpreading its genial 
, , warmth 


fw 

warmth:and animating every fibre ; till, in the, 
capillary veffels, it is exchanged for hydrogene, 
and azote, where the blood parts with its {care 
let hue for a dark modena red; furcharged 
with thefe new properties, it returns to the 
lungs, where they are difpoled of and a new 
routine commences. 


In this manner then, is animal heat gene- 
rated ; and all parts of the body receive con 
{lant fupplies from this great fountain of heat, 
the lungs.* 


Man does not receive his natural warmth 
from the temperature of the furrounding at- 
mofphere. 


* The author, fince reading his Differtation, has 
found fome obfervations in Dr. Darwin’s Zoonomia, 
which correfpond fo nearly with his own opinion and 
obfervations, that he was almoft perfuaded to introduce 
them to elucidate this work; but to abridge is a delicate 
tafe. However, he hopes thofe, who are not fully per- 
fuaded of the truth of this theory, will confult that juit- 
ly celebrated work; particularly Se@ion XXIII. 4. 
SeQion XXXVIII, and Ciafs Il. 1.1.2. 
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mofphere. Why fhould we expe& his body 
to be of the temperature of Spitbergen or Am- 
azonia, as he may chance to inhabit one or the 
other place ?: We find the principles of animal 
heat innate with him, and never diminifhing nor 
increafing beyond bounds’; although the fur- 
rounding atmofphere fhould vary three hun- 
dred and thirty two degrees, or more. Such is 


the wonderful economy of nature. 


Ir may be afked, if combuftion and refpiras 
tion be fimilar proceffes, why does not light and - 
flame appear from the one as well as the oth- 
er? The anfwer is plain, the procefs of RES« 
PIRATION is like combuftion, but accomplifh- 
ed in a much more gradual manner ; the rapid- 
ity of the former ill fuits the flow progrefs of 
the latter: However, the phenomena of the 
two bear the fame affinity to each other, as the 
phenomena of the fudden and general, the mod- 
erate and partial combination of nitric acid 
with oil, The former burfts into flame, fhew- 
ing light, heat and all the phenomena of com- 
buftion ; but the latter is more moderate, like 

. refpiration, 


r % | 
refpiration, not being accompanied with any 
figns of light or flame, but all the other phe- 
nomena of the former, as heat, &c.  Never- 
thelefs the two proceffes are identically the 


fame, only differing in degree. 


Peruaps thefe obfervations have been 
couched in too chemical terms, to be ftri@- 
ly adapted to the animal economy, which is 
not to be compared to a chemift’s labora- 
tory ; but the procefs is fo fimilar to a chem- 
ical DOUBLE ELECTIVE ATTRACTION, that, 
without this order, the definition could not 
have been perfect. 

Tue foetus, egg, and feed, receive their 
vivifying heat from the parent animal or 
earth ; but as foon as the animal is ufhered 
into perfect exiftence, we find it capable of 
generating this principle, independent of its 
parent, but the vegetable, ever fo perfedtly 
formed, is dependent on its parent earth for 
exiftence. 


Dd HERACLITUS 
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HeRACLITUS maintained that rire was 
the vivifying principle of all bodies, both 
animal and vegetable. The ingenious Dr. 
Brown has added that their exiftence, growth 
and maturation depend on fomething, which 
a€ts from without, and this a “ ftimulus.’? 


Livine animals and vegetables have, be- 
fides the common properties of matter, a pe- 
culiar fomething, which diftinguifhes them 
from dead ones ; in thefe we fee all the folids 
and fluids too : what then is lacking ? A gens 
tle ofcillation, or motion of the fluids, a cir- ~ 
cumgiration of the liquors, which is produced 
and continued through life by a certain fome- 
thing, ablorbed from the air. 


Our ingenious profeflor, ina ‘ Difcourfe 
on the Principles of Vitality,’’ obferves, “it is 
a portion of that fubtle ele@ric fluid, which 
fills the immenfe fpace of the whole univerfe, 7 
pervades all bodies, and adtuates every particle 
of matter, By it the phenomena of ‘magnet- 
ifm, fire, and light are produced ; and on it 

Patt the 
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the various and aftonifhing phenomena of 


VEGETATION and ANIMATION depend.” 


Tue arterial blood, having received the ca- 
loric, from the lungs, is dire@ly diftributed to” 
every part of the body, and in every. part is 
changed into venous bloed, in the operation 
of which, it difengages the matter of heat, and 
abforbs a proportional quantity of hydrogene 
and azote, which are plentifully fupplied from 
fermenting and putrefying matters ; the greater 
the quantity of hydrogene and azote, yield- 
ed in any one place, the greater will be the 
quantity of heat exchanged for it in that place : 
inftance fermentation in the flomach, called 
heart burn, what an increafe of heat in that re- 


gion. 
ALSO, 
PUTRID FEVERS, 


IN which, to the accelerated velocity of the 
blood add, that the folids and fluids are tend- 
ing to putrefaction; hence an unulual quantity 
of hydrogene and azote will be yicided, and 

an 
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an unufual quantity of heat will be exchanged 
for them at the converfion of arterial into ve- 
nous blood. To thefe caufes it is probably 
owing that the heat of the human body is 
greateft in thefe fevers. | 


Locat inflammation is accompanied with 
rednefs, tumour, and unufual heat, with in- 
creafed circulation, and at length with a flag. 
nation of ferous fluid, which is effufed in- 
to the adjoining cellular fubflance, the putre- 
factive procefs, commencing, the heat in the 
part is then greateft. 


In the ftate of health, the motion of the 
blood through the different parts of the fyflem, 
and the hydrogene and azote with which the 
blood is fupplied in thefe parts, is adjufted fo 
exaétly to each other that the exchange is e- 
qual through every part of the fyftem. 


Burt if by any excefs the balance be de- 
ftroyed, as by increafed circulation, or by a 
tendency to putrefaction, it is evident that a 
greater quantity of heat will be extricated in 


that 
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that part, ina giventime; this heat will ftimu- 
late the veflels into more frequent and forcible 
contractions, by which the velocity of the blood, 
and confequent extrication of heat will be flill 
farther increafed. On this principle we may 
probably account for the partial heats, which 
are produced by topical inflammations, and 
thofe, which arife in he€tic and nervous com- 
plaints. Sothe fire increafes in that place 
where the air is gently agitated by the bel- 
lows. 


Dr. Crawrorp obferves that the doctrine 
which refults from his experiments on animal 
heat, will probably lead to an explanation of 
the ufes of the fpleen and lymphatic glands. 


May not the f{pleen, fays he, be intended 
partly to apply a proper degree of heat to the 
left fide of the flomach, and partly to fupply 
the liver with azotic blood ? As a quantity of 
fire is extricated, during the converfion of arte- 
rial into venous blood, in the capillaries, if 
blood, which ts changed in the fpleen, had paff- 
ed to the liver, as arterial blood, and had been 


changed 


ey ea 


changed into venous in that organ, it feems ev- 
ident there would have been a redundancy of 
heat in the right hypochondriac region, and a 
deficiency of it in the left, | 
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